T he combined use of anticoagulants, 1 antiplatelet agents, 2-4 and an invasive strategy 5 in high-risk patients with acute coronary syndromes reduces ischemic coronary events but also increases bleeding. Bleeding may increase the risk of death, 6 myocardial infarction, and stroke. Therefore, future therapies should either preserve or enhance benefits without increasing bleeding. Unfractionated heparin and lowmolecular-weight heparins are commonly used in patients with acute coronary syndromes, but enoxaparin may be modestly superior to unfractionated heparin in reducing the risk of death or myocardial infarction. 7 Fondaparinux (Arixtra, GlaxoSmithKline), a synthetic pentasaccharide, selectively binds antithrombin and causes rapid and predictable inhibition of factor Xa. 8 Fondaparinux is more effective than enoxaparin in preventing venous thrombosis in patients undergoing orthopedic surgery 9 and is similar in effectiveness to enoxaparin or unfractionated heparin in patients with deep-vein thrombosis or pulmonary embolism. 10,11 Pilot trials involving patients with acute coronary syndromes 12,13 and those undergoing percutaneous coronary intervention 14 suggest that fon da parinux may be as effective as enoxaparin or safer than unfractionated heparin. The Fifth Organization to Assess Strategies in Acute Ischemic Syndromes (OASIS-5) trial compared the efficacy and safety of fondaparinux and enoxaparin (Lovenox, Sanofi-Aventis) in high-risk patients with unstable angina or myocardial infarction without ST-segment elevation.
Me thods

Study Design
OASIS-5 was a randomized, double-blind, doubledummy trial in which fondaparinux was compared with enoxaparin in patients with unstable angina or myocardial infarction without ST-segment elevation; 20,078 patients from 576 centers in 41 countries were included. Details of the protocol are reported elsewhere. 15 The study was conducted independently by the steering committee and the Population Health Research Institute, McMaster University and Hamilton Health Sciences, Hamilton, Ontario, Canada. The study was designed by the steering committee, and the data were coordinated and managed independently by the Population Health Research Institute, McMaster University and Hamilton Health Sciences. The first five members of the writing committee vouch for the accuracy and completeness of the data and analysis. The study protocol was approved by the respective ethics committees and regulatory bodies. The principal investigator had full access to the data and drafted the manuscript with input from the entire writing committee.
Study Patients
Patients were randomly assigned to a study group within 24 hours after the onset of symptoms and were eligible if they met at least two of the three following criteria: an age of at least 60 years, an elevated level of troponin or creatine kinase MB isoenzyme, or electrocardiographic changes indicative of ischemia. Patients with contraindications to low-molecular-weight heparin, recent hemorrhagic stroke, indications for anticoagulation other than an acute coronary syndrome, or a serum creatinine level of at least 3 mg per deciliter (265 μmol per liter) were excluded.
Outcomes
The objective with respect to the primary efficacy outcome (death, myocardial infarction, or refractory ischemia) was to demonstrate the noninferiority of fondaparinux as compared with enoxaparin at nine days. The primary safety objective was to determine whether fondaparinux was superior to enoxaparin in preventing major bleeding.
Patients were followed for a minimum of 90 days and a maximum of 180 days. Prespecified secondary outcomes included the following: death or myocardial infarction; death, myocardial infarction, or refractory ischemia; and the individual components of these composite outcomes at 30 days and at the end of the study. Information on strokes was also systematically collected. The primary safety outcome was major bleeding at nine days. The balance of benefit and risk was assessed on the basis of the combination of the primary efficacy and safety outcomes. All events were adjudicated in a blinded fashion by a committee. Definitions of events have been described separately 15 and are given in part 1 of the Supplementary Appendix (available with the full text of this article at www.nejm.org).
telephone system, to receive either fonda parinux at a dose of 2.5 mg once daily plus placebo enoxaparin twice daily by subcutaneous injection or enoxaparin at a dose of 1 mg per kilogram of body weight twice daily plus placebo fondaparinux once daily by subcutaneous injection. In patients whose creatinine clearance was below 30 ml per minute, the enoxaparin dosage was reduced to 1 mg per kilogram once daily. Fondaparinux could be given until hospital discharge or for up to eight days (whichever occurred first), and enoxaparin was to be given for two to eight days or until the patient was in clinically stable condition, in an approach consistent with the current approval for its use in persons with unstable angina and myocardial infarction without ST-segment elevation. Patients received other standard treatments at the investigators' discretion.
Cardiac catheterization could be performed at any time. If percutaneous coronary intervention was to be considered, we recommended use of clopidogrel and aspirin at least six hours before the procedure. The double-blind arrangement was maintained during percutaneous coronary intervention. Patients in the enoxaparin group received no additional anticoagulant if they had received their subcutaneous enoxaparin injection six hours or less before percutaneous coronary intervention; if the interval was greater than six hours, the dose of weight-adjusted unfractionated heparin was 0.013 ml per kilogram intravenously if a glycoprotein IIb/IIIa antagonist was used and was 0.02 ml per kilogram intravenously if no glycoprotein IIb/IIIa antagonist was used. Within six hours of the last subcutaneous dose of fondaparinux, patients undergoing percutaneous coronary intervention in the absence of a glycoprotein IIb/IIIa antagonist received an additional 2.5 mg of intravenous fondaparinux; within six hours after the last subcutaneous dose of fondaparinux, 2.5 mg of intravenous fondaparinux (with a glycoprotein IIb/IIIa antagonist) or 5.0 mg of intravenous fondaparinux (without a glycoprotein IIb/IIIa antagonist) was administered (part 2 of the Supplementary Appendix).
Statistical Analysis
A sample size of 16,000 was planned on the basis of an expected primary-event rate of 8 percent at nine days, assuming a one-sided alpha level of 2.5 percent and a noninferiority margin (delta) of 1.185. This noninferiority margin was derived from a meta-analysis of studies that demonstrated the benefit of adding unfractionated heparin or low-molecular-weight heparin as short-term treatment in patients treated with aspirin. 1 It showed that unfractionated heparin or low-molecular-weight heparin halves the risk of myocardial infarction or death (odds ratio, 0.53; 95 percent confidence interval, 0.38 to 0.73) as compared with placebo or no treatment during the first week of therapy. (The effect of low-molecular-weight heparin on refractory ischemia, when evaluated, was similar to its effect on myocardial infarction.) When the inverse of the above result is taken, the excess risk due to placebo or no treatment as compared with unfractionated heparin or low-molecular-weight heparin is 1.89 (95 percent confidence interval, 1.37 to 2.63). The noninferiority margin of 1.185 was chosen in order to avoid a loss of greater than half the lower bound of the 95 percent confidence interval (1.37). 16 A blinded review of the overall event rate in the first 4000 patients indicated that the event rate was lower than expected. Therefore, the inclusion criteria were modified so that persons under the age of 60 years were required to have both an elevation of biomarkers and ischemic electrocardiographic changes, and the sample size was increased to 20,000 patients. The analyses include all patients who underwent randomization. The hazard ratio (for fondaparinux vs. enoxaparin) and two-sided 95 percent confidence interval were calculated with use of a Cox proportional-hazards model, with the treatment group as the only covariate. Rates presented are Kaplan-Meier rates (e.g., the rate of major bleeding). The independent data and safety monitoring board monitored outcomes. During the trial, a few cases of coronary and catheter-related thrombosis were reported during percutaneous coronary intervention. These reports led to concern at some sites and on the part of some regulatory bodies, and the concern was conveyed to the data and safety monitoring board; after repeated review, the members of the board recommended continuation of the study. However, the operations committee (whose members were unaware of patients' treatment assignments) recommended steps to ensure that the study medications were appropriately administered intravenously before the procedure and allowed centers to use 200 IU of unfractionated heparin to flush the catheters.
All reported events not refuted by the adjudication committee were included. Vital status was ascertained for 20,066 of the 20,078 randomly assigned patients (99.9 percent); 7 patients in the fon da parinux group and 5 in the enoxaparin group were lost to follow-up by day 9.
R esults
The characteristics of the patients and their ancillary therapies are listed in Table 1 . Seventy percent of the patients were enrolled by hospitals with a cardiac-catheterization laboratory.
Efficacy
The primary efficacy outcome (death, myocardial infarction, or refractory ischemia at nine days) occurred in 579 of the 10,057 patients randomly assigned to receive fondaparinux (5.8 percent), as compared with 573 of the 10,021 patients assigned to receive enoxaparin (5.7 percent) (hazard ratio, 1.01; 95 percent confidence interval, 0.90 to 1.13) (Fig. 1A and Table 2 ). This result confirms the noninferiority of fondaparinux as compared with enoxaparin because the upper confidence limit is well below the prespecified boundary of 1.185 (P = 0.007 for noninferiority). The rates of the main secondary outcome (death or myocardial infarction) were also similar, at 4.1 percent in the fondaparinux group and 4.1 percent in the enoxaparin group (hazard ratio, 0.99; 95 percent confidence interval, 0.86 to 1.13); again, the upper confidence limit is below the noninferiority boundary (P = 0.005).
At 30 days, there was a trend toward a lower rate of death, myocardial infarction, or refractory ischemia with fondaparinux than with enoxaparin (8.0 percent vs. 8.6 percent; hazard ratio, 0.93; 95 percent confidence interval, 0.84 to 1.02) and of the composite of death or myocardial infarction (6.2 percent vs. 6.8 percent; hazard ratio, 0.90; 95 percent confidence interval, 0.81 to 1.01) ( Table 2 ). These differences were due to a significant reduction in mortality with fondaparinux (2.9 percent, vs. 3.5 percent with enoxaparin; hazard ratio, 0.83; 95 percent confidence interval, 0.71 to 0.97; P = 0.02). The above differences persisted until the end of follow-up: the rates of death, myocardial infarction, or refractory ischemia were 12.3 percent in the fondaparinux group and 13.2 percent in the enoxaparin group (hazard ratio, 0.93; 95 percent confidence interval, 0.86 to 1.00; P = 0.06); the rates of death or myocardial infarction were 10.5 percent and 11.4 percent, respectively (hazard ratio, 0.92; 95 percent confidence interval, 0.84 to 1.00; P = 0.05); and the rates of death were 5.8 percent and 6.5 percent, respectively (hazard ratio, 0.89; 95 percent confidence interval, 0.80 to 1.00; P = 0.05) (Fig.   2 and Table 2 , and Fig. 1 of the Supplementary Appendix).
Bleeding
The rate of major bleeding at nine days was substantially lower in the fondaparinux group than in the enoxaparin group (2.2 percent vs. 4.1 per- Regardless of treatment, patients who had major bleeding during hospitalization had significantly higher rates of death (13.2 percent vs. 2.8 percent), reinfarction (11.9 percent vs. 3.6 percent), or stroke (3.5 percent vs. 0.7 percent) at 30 days (P<0.001) and at 180 days (data not shown) than patients without major or minor bleeding. The mortality rate among those who had minor bleeding was also higher at 30 days than among those with no bleeding episodes (6.9 percent vs. 2.8 percent). These higher event rates associated with bleeding persisted after adjustment for various clinical characteristics associated with bleeding. In analyzing the difference of 64 between the groups in the number of deaths at the end of the study, we found that 41 fewer patients in the fondaparinux group than in the enoxaparin group died after major bleeding (38 vs. 79) and that 20 fewer patients in the fondaparinux group died after minor bleeding (13 vs. 33). Therefore, almost the entire difference in mortality between the groups at the end of the study could be attributed to the lower rate of bleeding with fondaparinux.
Balance of Benefit and Risk
The composite of death, myocardial infarction, refractory ischemia, or major bleeding occurred in 7.3 percent of the patients in the fondaparinux group, as compared with 9.0 percent of the patients in the enoxaparin group (hazard ratio, 0.81; 95 percent confidence interval, 0.73 to 0.89; P<0.001) at nine days (Table 2, and Fig. 2 and 3 of the Supplementary Appendix). This difference persisted until the end of the study. 
Other Efficacy Outcomes
There was a significant reduction in the rate of stroke with fondaparinux (1.3 percent, vs. 1.7 percent with enoxaparin; P = 0.04) at the end of the study. The composite outcome of death, myocardial infarction, or stroke was also significantly reduced with fondaparinux (11.3 percent vs. 12.5 percent; hazard ratio, 0.89; 95 percent confidence interval, 0.82 to 0.97; P = 0.007) ( Table 2 and Fig. 2 ).
Subgroup Analyses
The benefits and risks were consistent among most subgroups. Consequently, the reduction in the composite outcome of death, myocardial infarction, refractory ischemia, or major bleeding with fondaparinux as compared with enoxaparin was observed in all the subgroups. The rates of bleeding were consistently lower with fondaparinux, regardless of whether unfractionated heparin was administered before randomization (2.0 percent in the fondaparinux group vs. 4.0 percent in the enoxaparin group among those who did not receive unfractionated heparin [P<0.001] and 3.0 percent vs. 5.0 percent among those who did receive unfractionated heparin [P = 0.003]) (Fig. 3) or after randomization. The rates of bleeding were also lower with fondaparinux regardless of the baseline creatinine level and regardless of the presence or absence of a catheterization laboratory at the center.
Revascularization Procedures
The proportions of patients undergoing percutaneous coronary intervention (39.5 percent in the fondaparinux group and 39.5 percent in the enoxaparin group) or coronary-artery bypass grafting (15.3 percent and 14.5 percent, respectively) were similar in the two groups. Among patients undergoing percutaneous coronary intervention in the hospital, the rates of the combination of death, myocardial infarction, and refractory ischemia were similar at 9 days (9.3 percent in the fondaparinux group and 8.6 percent in the enoxaparin group), at 30 days (10.4 percent and 9.6 percent, respectively), and at the end of the study (12.9 percent and 12.3 percent, respectively). At 30 days, the rates of death (2.0 percent with fondaparinux and 2.1 percent with enoxaparin) (Table 3) and of death or myocardial infarction (7.1 percent and 6.8 percent) were similar in the two groups. The rates of coronary complications during the procedure also were similar. The rates of clinical outcomes and procedural complications were similar in the two groups both before and after the amendment recommended by the operations committee. The rate of major bleeding 48 hours after the procedure was significantly lower with fondaparinux than with enoxaparin (1.6 percent vs. 3.6 percent before the amendment and 1.4 percent vs. 3.4 percent after the amendment; P<0.001 for both comparisons). Bleeding was significantly reduced with fondaparinux among patients receiving additional heparin (P<0.001) and those not receiving it (P<0.001). There was an increase in the rate of guiding-catheter thrombus formation with fondaparinux (29 (Table 3) .
Adherence
At least one dose of allocated study drug was administered to 99.2 percent of the patients in the fondaparinux group and 99.4 percent of those in the enoxaparin group. The mean durations of treatment were similar in the two groups (5.4 and 5.2 days, respectively).
Discussion
Our study has three important findings. First, in the short term, fondaparinux and enoxaparin have similar efficacy. Second, as compared with enoxaparin, fondaparinux substantially reduces bleeding. Third, the reduced bleeding that accompanies the use of fondaparinux is associated with lower long-term mortality and morbidity.
Fondaparinux was statistically noninferior to enoxaparin with respect to the primary composite outcome of death, myocardial infarction, or refractory ischemia at nine days. Analysis of the rates of each component of the composite outcome, including death or myocardial infarction, yielded similar results. When we examined the 30-day outcomes, however, there was a strong trend toward superiority with fondaparinux. Fondaparinux significantly reduced the rate of death as well as the rate of the composite of death, myocardial infarction, and stroke at these times. Major bleeding was reduced by about half and minor bleeding by about two thirds with fondaparinux. The prespecified analysis combining efficacy and safety was significantly reduced with fondaparinux. Bleeding increased the long-term risk of death, 18 and differences in bleeding appeared to account for the reduction in the longterm risk of death with fondaparinux. In addition, there were significantly fewer strokes with fondaparinux than with enoxaparin. Therefore, the net clinical benefit is clearly in favor of fondaparinux. The reduction in bleeding was consistently observed for episodes that were fatal, serious, or minor. The last category included cases in which one unit of blood was transfused or study medications were stopped. Several previous studies have found increased rates of death, stroke, and myocardial infarction among persons who had a bleeding episode. 6, 18 In the context of current treatments for acute coronary syndromes, the rate of major bleeding with enoxaparin is higher than the rate of death, myocardial infarction, or refractory ischemia when each outcome is considered separately. Therefore, although the contemporary practice of using multiple antiplatelet agents, 19 a thrombin inhibitor, and an invasive strategy may have substantially reduced ischemic events, it has also increased bleeding.
Fondaparinux is an alternative to enoxaparin because it preserves short-term efficacy but substantially reduces bleeding. This effect translates into lower long-term rates of death, myocardial infarction, and stroke. The reasons for increased bleeding with enoxaparin are unclear but may relate to the intrinsic properties associated with inhibiting thrombin (trials of direct thrombin inhibitors have shown increased bleeding when those agents are compared with unfractionated heparin) 20 ; in addition, it is possible that the currently recommended doses of enoxaparin may be too high (although the efficacy of lower doses has not been proven). The rates of bleeding with enoxaparin in OASIS-5 were lower than those in previous trials. 7, 21 The mechanisms underlying the increased mortality or morbidity associated with bleeding are unclear but may relate to rebound ischemic events due to activation of clotting, cessation of antithrombotic therapies after a bleeding event, or adverse effects of hypotension or transfusions. Given that major bleeding has serious long-term consequences, treatment strategies that reduce the risk of bleeding while maintaining or enhancing the benefits of reduced ischemic events are required. Fondaparinux is an important step toward such a strategy.
The reduced rates of bleeding with fondaparinux were consistently observed in all the subgroups examined. The recent Superior Yield of the New Strategy of Enoxaparin, Revascularization, and Glycoprotein IIb/IIIa Inhibitors (SYNERGY) trial 21 found a higher rate of bleeding among patients who received additional unfractionated heparin with enoxaparin than among those who received enoxaparin alone. However, this result cannot explain the reduced risk of bleeding associated with fondaparinux in our trial, since less bleeding was observed even among patients who did not receive any unfractionated heparin. The regimen of enoxaparin that we used (with a reduced dose in cases of severe renal impairment) is the standard currently recommended, 19 and an excess of bleeding with enoxaparin was seen among patients with low or elevated creatinine clearances.
In summary, fondaparinux at a dose of 2.5 mg daily is similar to enoxaparin in the short term in preventing ischemic events among patients with acute coronary syndromes without ST-segment elevation, but it is associated with substantially less bleeding -an effect that translates into lower long-term mortality and morbidity. Therefore, fondaparinux is an attractive option as an anticoagulant in the short-term care of patients with acute coronary syndromes.
